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Reeived ; aepted
Abstrat. We report the results of extensive high-energy observations of the X-ray transient and blak hole an-
didate XTE J1720-318 performed with INTEGRAL, XMM-Newton and RXTE. The soure, whih underwent an
X-ray outburst in 2003 January, was observed in February in a spetral state dominated by a soft omponent
with a weak high-energy tail. The XMM-Newton data provided a high olumn density NH of 1.2 × 10
22
m
−2
whih suggests that the soure lies at the Galati Centre distane. The simultaneous RXTE and INTEGRAL
Target of Opportunity observations allowed us to measure the weak and steep tail, typial of a blak-hole binary
in the so-alled High/Soft State. We then followed the evolution of the soure outburst over several months using
the INTEGRAL Galati Centre survey observations. The soure beame ative again at the end of Marh: it
showed a lear transition towards a muh harder state, and then deayed to a quiesent state after April. In the
hard state, the soure was deteted up to 200 keV with a power law index of ∼ 1.9 and a peak luminosity of
∼ 7 × 1036 erg s−1 in the 20-200 keV band, for an assumed distane of 8 kp. We onlude that XTE J1720-318
is indeed a new member of the blak hole X-ray novae lass whih populate our galati bulge and we disuss its
properties in the frame of the spetral models used for transient blak hole binaries.
Key words. Blak hole physis; aretion; X-rays binaries; gamma-rays: observations; stars: individual: XTE J1720-
318
1. Introdution
X-ray Novae (XN), also alled soft X-ray transients, are
low mass X-ray binaries where a ompat objet a-
retes at a very low rate from a late type ompanion star
(Tanaka & Shibazaki 1996). Although they are usually
in a quiesent state (and therefore nearly undetetable),
they undergo bright X-ray outbursts, with typial reur-
rene periods of many years, whih last several weeks
or even months before the soure returns to quiesene.
Most of the XN are assoiated to dynamially proven
Blak Holes (BH) and indeed the great majority of the
Send oprint requests to: M. Cadolle Bel : madolleea.fr
known 18 Blak Hole Binaries (BHB) as well as of the
22 binary Blak Hole Candidates (BHC) are transients
(MClintok & Remillard 2003). Beause of large hanges
in the eetive aretion rates that our during the XN
outbursts and the very hard spetra they usually display,
these soures provide powerful probes of the aretion phe-
nomena and radiation proesses at work in BH, and are
primary targets for high-energy instruments. Indeed, dur-
ing their outbursts, these soures often undergo hanges
in their spetral and temporal harateristis; they may
pass through the dierent spetral states observed in BHB
(Tanaka & Lewin, 1975, MClintok & Remillard 2003).
The two prinipal states of BHB are the Low/Hard State
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(LHS) and the High/Soft State (HSS). In the latter, the
emission is dominated by a very soft (kT ∼1 keV) ompo-
nent generally interpreted as the thermal radiation from
an optially thik and geometrially thin aretion dis
(Shakura & Sunyaev 1973). A weak and steep power law
may also be present and little variability is observed. In the
LHS, the spetrum is rather desribed by a hard power law
with photon index in the range 1.52.0 and a break around
100 keV. The LHS is also haraterized by large timing
variability. Intermediate states (namely the intermediate
state and the very high soft state) are also observed, where
both the soft and hard omponents are present; the soure
displays a ompliated pattern of timing properties. In
spite of the reent advanes in the haraterization of BHB
spetral states and modelling of the emission omponents,
the basi mehanisms whih generate the state transitions
and in partiular the origin of the hard omponent are not
yet understood. Detetion and broad band studies of new
BH systems is therefore essential to aquire better statis-
tis on the phenomenology of the BHB spetral states and
on the relations between their emission omponents.
Sine XN probably follow the galati stellar distri-
bution, they are onentrated in the diretion of the
bulge of our Galaxy (with a higher density towards the
entre). The SIGMA gamma-ray telesope on board the
GRANAT satellite, and later the hard X-ray instruments
on board Rossi XTE and Beppo SAX disovered and stud-
ied several (about 10) BHC XN in the bulge. INTEGRAL,
the INTErnational Gamma-Ray Astronomy Laboratory
(Winkler et al. 2003) is a European Spae Ageny obser-
vatory launhed on 2002 Otober 17, arrying four instru-
ments: two main gamma-ray instruments, IBIS (Ubertini
et al. 2003) and SPI (Vedrenne et al. 2003), and two mon-
itors, JEM-X (Lund et al. 2003) and OMC (Mas-Hesse
et al. 2003). The IBIS oded mask instrument is hara-
terised by a wide Field of View (FOV) of 29
◦× 29◦ (9◦× 9◦
fully oded), a point spread funtion of 12' FWHM and it
overs the energy range between 20 keV and 8 MeV. The
SPI telesope works in the range from 20 keV to 8 MeV
with a FOV of 31
◦
diameter (16
◦
fully oded), an angular
resolution of 2.5
◦
(FWHM) and a typial energy resolu-
tion of 2.5 keV at 1.3 MeV. The JEM-X monitor provides
spetra and images with arminute angular resolution in
the 3 to 35 keV band, with a FOV of about 10
◦
diameter.
Thanks to its instruments performanes and to the sur-
vey program speially dediated to the Galati Centre
(GC) region, INTEGRAL allows the detetion and study
of the hard X-ray emission from BH XN at large distanes
and at weaker ux levels than before.
XTE J1720-318 was disovered on 2003 January 9 with
the All Sky Monitor (ASM) on board RXTE as a transient
soure undergoing an X-ray nova like outburst (Remillard
et al. 2003). The soure 1.212 keV ux inreased to the
maximum value of ∼ 430 mCrab in 2 days (see Fig. 1);
then its ux started to deay slowly. Follow up obser-
vations with the Proportional Counter Array (PCA) on
board RXTE showed the presene of a 0.6 keV thermal
omponent and a hard tail. The spetral parameters and
the soure luminosity were typial of a BH (Markwardt
2003) in the so-alled HSS. Soon after, a radio ounter-
part was identied with the VLA and ATCA radio tele-
sopes (Rupen et al. 2003; O'Brien et al. 2003), leading
to the estimate of the most preise position αJ2000 =
17h19m58s.985, δJ2000 = −31
◦45′01′′.109 ± 0′′.25. The
detetion of its infrared ounterpart (Nagata et al. 2003)
provided a measure of the extintion whih is ompatible
with a loation of XTE J1720-318 at large distane, prob-
ably several kp.
XTE J1720-318 was observed by XMM-Newton,
RXTE and INTEGRAL in 2003 February during dedi-
ated Target of Opportunity (ToO) observations. It was
then observed by INTEGRAL during the surveys of the
GC region performed in Marh and April and again from
2003 August to Otober. We report here the results based
from these observations, starting with the desription of
the available data and of the analysis proedures employed
(Set. 2). We then report the results in Set. 3 before dis-
ussing them in Set. 4.
2. Observations and Data Redution
XTE J1720-318 was observed by XMM-Newton on 2003
February 20, during a publi 18.5 ks ToO. Preliminary
analysis of these data provided an improved X-ray po-
sition of the soure (Gonzalez-Riestra et al. 2003), on-
rming the assoiation with the radio and IR soure. One
week after, we performed an INTEGRAL ToO observa-
tion of XTE J1720-318 whih started on 2003 February
28 with a 176 ks exposure. The latter was onduted in
oordination with a RXTE ToO observation whih lasted
about 2 ks. The soure was further observed during the
INTEGRAL Core Program during a series of exposures
dediated to the GC survey, from Marh 25 to April 19
for a total of 551 ks observing time. Another 275 ks ex-
posure on the soure has been aumulated during ToOs
on H 1743-322 (Parmar et al. 2003) in 2003 April. The
eld ontaining XTE J1720-318 has also been extensively
monitored (about 700 ks exposure time) during the se-
ond part of the 2003 INTEGRAL GC survey.
The log of the observations and data used in this work
is summarized in Table 1. Figure 1 (top panel) shows the
1.212 keV RXTE/ASM light urve of XTE J1720-318
and also indiates the intervals overed by the dediated
XMM-Newton, RXTE and INTEGRAL observations dis-
ussed here.
2.1. XMM-Newton Data Analysis
We present here the data taken with the EPIC-PN amera
on board XMM-Newton. The PN amera was operating
in Small Window mode. We proessed the data using the
Sientifi Analysis System v5.4.1 and the alibration
les updated at the end of 2003 Marh. We rst ltered
our data for bakground ares. Sine XTE J1720-318
was bright at the date of the observation (resulting in
a strong pile up in the PN amera), we adopted the
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Table 1. Log of the XTE J1720-318 observations analysed in this paper.
Spaeraft Observation Period Exposure Instruments Observation type
Dates (2003) (# revolution) (ks) /Mode
XMM-Newton 02/20 18.5 EPIC-PN ToO/Small Window
Rossi-XTE 02/28 2 ks PCA ToO
INTEGRAL 02/28 - 03/02 (46) 176 JEM X-2 + IBIS ToO
a
INTEGRAL 03/15 - 04/03 (51 - 57) 361 IBIS GCDE
INTEGRAL 04/06 - 04/22 (58 - 63) 175 IBIS + SPI ToO on H 1743-322
a
INTEGRAL 04/12 - 04/19 (60 - 62) 191 IBIS + SPI GCDE
INTEGRAL 08/02 - 10/16 (103 - 122) 700 IBIS GCDE
Notes: a) 5×5 dithering pattern around the target.
seletion riteria suggested by Guainazzi (2001) to obtain
the soure spetrum. We extrated the single events from
an annulus with an internal radius of 15
′′
, and an outer
radius of 29
′′
around the position of XTE J1720-318. As
we only used single events in this orona, the eetive
exposure time of the extrated spetrum was about 6 ks.
We obtained the bakground spetrum from a sky re-
gion far from the soure and we built the response matrix
(RMF) and anillary response (ARF) les onsistent with
the seletions. Adding 2.5% systematis, the resultant
spetrum was then tted with XSPEC v11.3.0 (Arnaud
1996) between 0.7 and 11 keV.
2.2. Rossi XTE Data Analysis
We redued and analysed the RXTE data with the
LHEASOFT pakage v5.3. We redued the data from the
PCA following the standard methods explained in the
ABC of RXTE and the ook book. The good time
intervals (GTI) were dened when the satellite eleva-
tion was > 10◦ above the Earth's limb, and the oset
pointing < 0.02◦. We also hose to retain the data taken
when most of the Proportional Counter Units (PCU)
were turned on (a maximum of 5 here). We extrated
the spetra from the standard 2 data, from the top
layer of eah PCU. Bakground spetra were produed
with pabakest v3.0, using the latest alibration les
available for bright soures. The RMF and ARF were
generated with parsp v8.0. Due to unertainties in the
PCA RMF, we inluded some systemati errors in the
spetra. To estimate the level of those systematis, we
redued and analysed a ontemporary Crab observation.
To obtain a redued χ2 of 1 when tting the Crab
spetra, we set the level of systematis as follows: 0.6%
between 2 and 8 keV and 0.4% above 8 keV. We tted the
spetra between 325 keV for the PCA. We also proessed
HEXTE data but, due to the poor statistis, we did not
inlude the few HEXTE data points in the analysis.
For the timing analysis, we extrated 16 s resolution
PCA light urves from standard 2 data, using all PCUs
and all layers, between 2 and 20 keV (absolute hannels
549), and orreted them for bakground. We extrated
high temporal resolution light urves from the event mode
data with a nominal resolution of 2−13 s (i.e. ∼ 125 µs)
rebinned to 1 ms during the extration proesses. Three
suh light urves were extrated between absolute han-
nels 549 (220 keV epoh 5), 1749 (720 keV) and
2449 (1020 keV).
2.3. INTEGRAL Data Analysis
An INTEGRAL observation is made of several pointings
(siene windows, hereafter SCW) eah having exposure
time lasting from 1800 to 3600 s and following a speial
pattern on the plane of the sky (Courvoisier et al. 2003).
Exept for the 5 × 5 dithering mode for ToOs, the entire
GC region was observed in the framework of the Galati
Centre Deep Exposure (GCDE) program (Winkler 2001).
Deep exposures in the GC radian (± 30 deg in longi-
tude, ± 20 deg in latitude entred at l=0, b=0) are ob-
tained with a set of individual pointings lasting 30 min
eah on a regular pointing grid.
All the INTEGRAL instruments were operating si-
multaneously. We desribe here mainly results obtained
from the data reorded with the ISGRI detetor (Lebrun
et al. 2003) of the IBIS telesope overing the spetral
range from 20 to 800 keV. For the rst observation set,
when the soure was very soft, we also present data from
the JEM-X instrument. The IBIS data have been redued
with the Offline Sientifi Analysis (OSA) v3.0 de-
livered in Deember 2003 to produe images and extrat
spetra for eah SCW (Goldwurm et al. 2003). We se-
leted SCW for whih the soure was within 8
◦
from the
telesope axis. For the spetral analysis, we used a 12 lin-
early rebinned hannel RMF and the assoiated reently
orreted ARF (P. Laurent, 2003 Deember, private om-
muniation). The resultant spetrum was tted between
20 and 600 keV, but above 200 keV the soure is not always
signiantly deteted and below 20 keV systemati uner-
tainties are still very high. Systematis errors at level of 8%
(see Set. 3.3) were applied in the spetral ts to aount
for the residual eets of the response matrix (Goldwurm
et al. 2003). For the image analysis, the bakground de-
rived from empty elds was subtrated before deonvolu-
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tion and we used a atalog of about 41 soures to analyse
the images. The total amount of IBIS data we proessed
was equivalent to about 1700 ks of exposure time, however
due to seletions performed and the fat that the soure
was very often o-axis, the eetive exposure time is re-
dued to 652 ks.
We redued the JEM-X data with OSA v3.0. Only the
JEM-X2 monitor was operated during our observation.
Beause of unertainties in the RMF for high o-axis an-
gles, we seleted only SCW where the soure was losest
to the entre of the eld of view (i.e. < 3◦ from the
telesope axis). The energy hannels were also rebinned
so as to have a σ > 3. When all these onditions hold,
we extrated the spetra for an eetive exposure time of
21 ks. We tted the resultant averaged spetrum between
3.5 and 26.5 keV, with the standard RMF and ARF.
Conerning SPI, the data obtained during revolutions
(hereafter, rev.) 58 and 60 to 63 were redued using the
Spi_siene_analysis_2 sript (Knödlseder 2004) avail-
able in OSA v3.0 (February 2004). Images were then ex-
trated between 20 and 40 keV to build a atalogue of
soures. Spetra were nally extrated for eah data set
with 50 logarithmi bins in the 20-1000 keV energy range,
using Spiros (Skinner & Connell 2003). We used the
imaging results from the IBIS/ISGRI telesope to deter-
mine the ative soures of the region in order to aount
for their ontribution in the SPI spetral extration. The
latter was performed with a bakground model derived
from the evolution of the saturated ount rates in the Ge
detetors while the ratios between detetors were left free
in the analysis. A few SCW with a bad χ2 were exluded.
Extrated with Image Response Files v15, the result-
ing spetra were tted with the RMF delivered in 2004
February.
3. Results of the Analysis
3.1. The INTEGRAL Detetion of the XTE J1720-318
State Transition
The 20120 keV IBIS/ISGRI light urve of XTE J1720-
318 from the whole set of the 2003 INTEGRAL data is
shown in Fig. 1 (lower panel) on the same sale of the
ASM light urve. During the INTEGRAL ToO observa-
tion of February 28 (rev. 46, MJD 52699), the soure was
deteted at a very low ux level above 20 keV and 10
days later (i.e. between Marh 9 and 20), it had dereased
below the detetion level. Starting from Marh 25 (MJD
52724, rev. 54), the soure appeared to brighten in the
INTEGRAL/IBIS energy band. Sine a similar behaviour
was not seen in the ASM light urve (see Fig. 1, top panel),
Goldoni et al. (2003) proposed that the soure was enter-
ing a hard state. Figure 2 shows the details of this hard
are. The 2080 keV ux was at the beginning around
2 ts s
−1
(∼ 11 mCrab) and inreased to a maximum
level of 6.25 ts s
−1
(∼ 34.5 mCrab) on April 6 (rev. 58,
MJD 52737). After this, the ux gradually dereased to
the value of 4 ts s
−1
(rev. 63, MJD 52751). When the
INTEGRAL GC survey inluded the soure again in the
IBIS FOV in mid August 2003, the transient was not de-
teted and remained below the IBIS/ISGRI detetion level
for the rest of 2003 (Fig. 1). The derived 3 σ upper limit
on XTE J1720-318 ux during the mid-August observa-
tions (∼ MJD 52869, exposure of 271 ks) is 1.5 mCrab
between 2080 keV.
Figure 2 shows the hardness ratio (HR) measured dur-
ing the observed inrease of the soure high energy ux.
There is no signiant variation in the HR around its mean
value of 0.75, only a slight indiation of a softer HR (∼ 0.5)
at the beginning of the are. We therefore used the whole
data of this hard are to build up an average spetrum
(see Set. 3.3.2). Moreover, we ould add the data taken
with SPI, whih provide us signiant points during this
period at high energies. We also analysed JEM-X data
taken during the hard are, but due to the fat that the
soure was often at large o-axis angles and very faint be-
low 20 keV, the derived data points were not signiant;
therefore, we did not use them in the analysis.
Assuming an exponential shape for both the rise and
the deay phases of the hard are we obtained, using the
IBIS/ISGRI data points of Fig. 1 (lower panel), time on-
stants of 13 days (rise) and 48 days (deay) respetively.
Sine we used the August upper limits for this estimate,
the harateristi deay time we derived is therefore only
an upper limit. However, the hard are timesales appear
omparable to the main outburst (the harateristi de-
ay time is 60 days) even if the peak broad-band X-ray
luminosity remains well below the peak luminosity of the
main outburst (see Set. 3.3).
In the ombined IBIS/ISGRI images obtained during
the hard outburst (data from rev. 58 to 61), XTE J1720-
318 is deteted at 94σ in the 20-60 keV range (Fig. 3). The
best position found with IBIS from the 20-60 keV image is
αJ2000 = 17
h19m58s.7, δJ2000 = −31
◦44′43′′.7 with an a-
uray of 0′.45 at 90% ondene level (Gros et al. 2003).
This position is onsistent with the most preise position
of XTE J1720-318 derived from radio data sine the oset
is only 17′′.7. The high-energy soure is therefore unam-
biguously assoiated to the transient.
3.2. XTE J1720-318 Timing Variability during the
High/Soft State
The XMM-Newton and the INTEGRAL/RXTE observa-
tions of February 2003 aught the soure in a very soft
state (HSS). The soure appeared bright at low energies,
with a daily-averaged ux between 100 and 140 mCrab in
the 1.212 keV band. The JEM-X and PCA instruments
deteted the soure at very high signiane and we ould
derive signiant spetra up to 20 keV (Fig. 6). However,
the high-energy emission was quite weak. IBIS deteted
the soure at a level of 0.4 ± 0.07 ts s−1 (∼ 2.1 mCrab)
in the 20120 keV band with a signal of 6 σ, providing
only few data points at energies higher than 50 keV. As
RXTE/HEXTE provided low signiant data points at
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Fig. 1. Top: The RXTE/ASM daily average 1.2-12 keV
light urve of XTE J1720-318 from few days before the
outburst to 2003 Otober. The arrows show the dates
of the XMM-Newton, RXTE and INTEGRAL observa-
tions. The approximate periods of later INTEGRAL ob-
servations are indiated by horizontal lines. Universal time
is reported in units of MJD. Bottom: The 20-120 keV
IBIS/ISGRI light urve of XTE J1720-318 with time bins
of 2 days (rev. 46 to 122). The data used to build spetra
for HSS and LHS are indiated by horizontal lines.
Fig. 2. Top: IBIS/ISGRI 2080 keV light urve with time
bins ∼ 1 day during the XTE J1720-318 hard are (rev. 55
to 63). Bottom: Corresponding hardness ratio, dened
as the ratio between the soure ount rate in the 4080
keV band and in the 2040 keV band with time bins of 3
days. The dashed line represents the average HR.
energy ≥ 20 keV, we did not inlude them in the spetra
(desribed in Set. 3.3.1).
The PCA 220 keV light urves are shown on Fig. 4.
XTE J1720-318 shows some variations around a mean
value of ∼ 750 ts s−1 in the rst set, and 721 ts s−1
in the seond set. A slight derease is visible from the
Fig. 3. The IBIS/ISGRI reonstruted sky image of the
region around XTE J1720-318 in the 2060 keV band (rev.
58 to 61). XTE J1720-318 appears at a signiane level of
94 σ over the bakground. The other soure in the image
is the hard X-ray burster loated in the globular luster
Terzan 2.
rst observation to the seond (Fig. 4). The light urve
of the latter is haraterised by an inrease of the ux to
∼ 750 ts s−1, during a ∼ 200 s small are. We produed
Power Density Spetra in the 3 energy ranges desribed in
Set. 2.2 with POWSPEC v1.0. These energy dependant PDS
were produed on interval length of 16 s between 62.5 mHz
and 500 Hz. All the intervals (from the 2 data sets) were
averaged in a single frame, and a geometrial rebinning
has been applied. The 220 keV Leahy normalised PDS is
at (Fig. 4, lower panel). The best-t model is a onstant
value of 1.993 ± 0.004 (at the 90% ondene level) with a
χ2 of 87.6 (105 degrees of freedom, hereafter d.o.f.). This
value is ompatible with the expeted Leahy normalised
value of 2 for purely Poisson noise (white noise). At higher
energy the PDSs are also at. The 3 σ upper limits on the
220 keV frational level of variability is ∼ 6.7%. In the
higher energy ranges, the upper limit is rather high and
meaningless due to the low statistis of the soure.
3.3. Spetral Results
3.3.1. The High/Soft State Spetrum
We have tted the XMM-Newton EPIC-PN data with a
model omposed of an absorbed multi-olour blak-body
dis (MCD, Mitsuda et al. 1984) plus a power law. A sin-
gle absorbed MCD alone leads to a poor t (χ2 = 1349
for 1064 d.o.f.), as does a single absorbed power law
(χ2 = 14825 for 1064 d.o.f.). The best-t parameters de-
rived from our analysis are given in Table 2. We obtained
for NH = (1.24 ± 0.02) × 10
22
m
−2
. The unabsorbed
ux in the 0.710 keV range is 6.43× 10−9 erg m−2 s−1.
Assuming a distane of 8 kp (see disussion), we derive a
0.710 keV unabsorbed) luminosity of 4.9 × 1037 erg s−1.
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Table 2. XTE J1720-318 best-t spetral parameters (with 90 % ondene level errors) for the XMM-Newton and
the RXTE/INTEGRAL ToOs of February.
Satellite Date Photon Dis Tempe- Dis Norma- χ2red Flux
b
(2003) Index rature (keV) lisation
a
(d.o.f.) (×10
−9
erg m
−2
s
−1
)
XMM-Newton 02/20 2.81 +0.60
−0.66 0.67 ± 0.01 1855
+37
−43 0.84 (1062) 2.36
RXTE+INTEGRAL 02/28-03/02 2.72 +0.29
−0.34 0.59 ± 0.01 5647
+338
−404 0.97 (72) 3.25
Notes: a) Dis normalisation K is given by K = (R
D
)2 × cos θ where R is the inner dis radius in units of km, D is the distane
to the soure in units of 10 kp and θ the inlination angle of the dis.
b)Unabsorbed 2100 keV ux.
The dis omponent aounts for more than 85% of the
total 2100 keV luminosity. If we assume a line of sight
inlination angle (θ) of 60◦, we nd, from the dis nor-
malisation, an inner dis radius of 48.7 ± 0.5 km. Figure 5
shows the resultant EF(E) spetrum and its best-t.
We have applied the same absorbed MCD plus a power
law model to a simultaneous t of the RXTE/PCA,
INTEGRAL/JEM-X and INTEGRAL/IBIS data taken
about 8 days later. We obtained the best-t parameters re-
ported in Table 2. To aount for unertainties in relative
instruments alibrations, we let a multipliative onstant
free to vary in the t of the dierent data sets. Taking the
RXTE/PCA spetrum as the referene, the derived on-
stants are all found very lose to 1 for eah instrument. As
RXTE and JEM-X are not suited to determine interstellar
absorption (energy lower boundary is ∼ 3 keV), we xed
NH to the value obtained from the XMM-Newton ts. We
also added a gaussian funtion at the iron uoresent line
energies to aount for a feature present in the RXTE
data. The line entroid was found to be 6.45 +0.16
−0.35 keV
with an equivalent width (EW) of 572
+307
−178 eV. However,
this line was not present in the data obtained with XMM-
Newton. To hek the reality of this line, we reperformed
the t of the EPIC PN spetrum by adding to the best t
ontinuum model an iron line at a xed energy and width
equal to the ones found from the RXTE data (FWHM =
1.6 keV). We obtained an upper limit for suh a line of
250 eV EW at the 90% ondene level. For a narrow line
at the same energy, we obtained an upper limit of 75 eV
EW. This upper limit suggests that the line seen with
RXTE is probably due to an inorret bakground sub-
tration and not to XTE J1720-318. Indeed a ontamina-
tion by the galati ridge emission (Revnivtsev 2003) an-
not be exluded even if the line should be rather entered
at 6.7 with a narrower width. With a line entroid xed to
this energy, we obtained from the RXTE spetrum a line
width of 0.59 +0.06
−0.21 keV and an equivalent width (EW) of
456
+117
−136 eV. The residuals are slightly worse around the
6.4-6.7 range but they do not exlude suh a line ontam-
ination. Detailed analysis of other RXTE/PCA data of
XTE J1720-318 during the outburst will probably larify
this issue. For this reason, we did not inluded the line for
the t of the INTEGRAL data. In spite of the low signi-
ane level of the detetion, the IBIS/ISGRI data allow us
to study the soure up to higher energies beause of the
higher sensitivity of ISGRI and the longer exposure time.
The 3-200 keV ount spetrum and the derived best-t
model are shown in Fig. 6. Figure 7 (red) shows the un-
folded EF(E) spetrum with its best-t model. Note that
above ∼ 100 keV, the soure is not signiantly deteted.
The dis inner radius (with the same assumptions on
distane and viewing angle as above) is 85
+2
−4 km and the
dis ux luminosity ontributes to 93% of the unabsorbed
2-100 keV luminosity. Indeed, there is a slight evolution
between the XMM-Newton derived dis parameters (ra-
dius and temperature) and the same parameters found one
week later by RXTE and INTEGRAL while the power law
slope did not hange. Aording to the strengths of the soft
omponent and the value of the power law photon index,
we found that the soure was learly in a HSS, where the
thermal omponent from the aretion dis dominates and
the high energy tail is very weak. We have also tted the
data with a bulk motion omptonisation model (Shrader
& Titarhuk 1999), often used to model the spetra of
BH in HSS. The test gave us an aeptable t with χ2
ν
of
1.36 for 78 d.o.f.. The derived temperature of thermal pho-
ton soure is 0.52 ± 0.01 keV, the energy spetral index
1.8 +0.2
−0.4 and the log A parameter −1.6
+0.1
−0.2, ompatible
with the parameters obtained from the MCD plus power
law t. The spetra taken during the last week of 2003
February are therefore all onsistent with the hypothesis
that XTE J1720-318 is a BH XN in HSS.
3.3.2. The Low/Hard State Spetrum
As disussed above, IBIS data from rev. 55 to 63, dur-
ing the hard are, are onsistent with one another (i.e.
no variation of HR) and an be summed to derive the av-
erage spetrum and its best-t model reported in Fig. 7
(blue). We tted this spetrum with a simple power law
model between 20 and 600 keV. We also used the ount
spetrum derived from SPI data of rev. 58 to 61 in or-
der to make a simultaneous t. Due to the presene of
high bakground strutures, SPI data from rev. 62 to 63
were not inluded in the spetra. The SPI data points
were binned so as to have a level of 3 σ per bin or 4 bins
together at least. To aount for unertainties in relative
instruments alibrations, we let a multipliative onstant
vary in the t. Taking the IBIS spetrum as the refer-
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Fig. 4. Top: 220 keV RXTE/PCA light urves in ounts
per seond, overing the two data sets. For both, rela-
tive time 0 refers to the beginning of the GTIs: time
0 orresponds to MJD=52698.506(28) (left panel) and
to MJD=52699.487(31) (right pannel). The time sam-
pling is 16 s. Bottom: 220 keV PDS of the ombined
RXTE/PCA data sets. The best-t (onstant) is super-
imposed as a line.
ene (onstant equal to 1), the multipliation fator re-
turned for SPI during the t is 1.28. At 90% ondene
level, the best-t photon index returned from the ts is
1.9 ± 0.1 with a redued χ2 of 1.60 (22 d.o.f.), whih re-
veals that the spetrum of XTE J1720-318 is muh harder
than observed in February. In addition to the power law
model, we tted the data set with a omptonisation model
(Sunyaev & Titarhuk 1980): the XSPEC ompst model.
The derived parameters are 43
+32
−11 keV for the tempera-
ture and 2.7 ± 0.9 for the optial depth, with a redued
χ2 of 1.27 (21 d.o.f.). Similarly we tted the spetrum
with a omptonisation model (the XSPEC omptt model)
whih inludes relativisti eets, estimates a larger range
of parameters and inludes the seed soft photon energy
(Titarhuk 1994). We obtained, with a seed photon tem-
Fig. 5. XMM-Newton/EPIC-PN unabsorbed EF(E)
spetrum of XTE J1720-318 (units keV m
−2
s
−1
) along
with the best-t model MCD plus power law. Dotted:
MCD. Dashed: power law. Thik: total model. Residuals
(in σ units) are also shown.
Fig. 6. Joint RXTE/PCA (blak), INTEGRAL/JEMX-
2 (red) and INTEGRAL/IBIS (green) spetra of
XTE J1720-318 during the observations of end 2003
February. The best-t model, an absorbed MCD plus a
power law, is over plotted as a solid line to the data.
Residuals (in σ units) are also shown.
perature frozen to kTbb = 0.6 keV and a spherial geome-
try, a plasma temperature of kT = 57 ± 29 keV and an op-
tial depth τ = 2 ± 1 with a redued χ2 of 1.19 (21 d.o.f.).
We also tested the Putanen & Svensson (1996) omptoni-
sation model (the XSPEC ompps model) proper for very
hot plasmas: we obtained kT = 430 ± 110 keV and τ equal
to 0.11 ± 0.11, for a xed seed photon kTbb = 0.45, with
a redued χ2 of 1.33. Sine the latter models gave slightly
better t than the single power law, we have performed an
additional test to see if a break in the power law would be
statistially signiant. We tted a ut-o power law and
derived the dierene between the absolute χ2 with the χ2
of the single power law. We restrited the t to the data
up to 300 keV to avoid the use of upper limits, and we
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Fig. 7. Unabsorbed EF(E) spetrum of XTE J1720-318
(units of keV m
−2
s
−1
) along with the best-t model:
MCD plus power law for the HSS (red) and a power law
for the LHS (blue) with IBIS/ISGRI and SPI 20600 keV
data (rev. 55 to 63). Upper limits are shown at 3σ.
obtained a ∆χ2 of 5.8; for a χ2 distribution with 1 d.o.f.,
this value represents a probability of 95% that the new
omponent is signiant. Even if the test is not fully on-
lusive, a ut-o in the model with a typial folding energy
of approximately 120 keV learly improves the t and bet-
ter desribes the available data. We note that the derived
thermal omptonisation parameters for XTE J1720-318
during the hard are (or the best-t power law index and
ut-o energy) are very muh onsistent with those found
in BHB in the so-alled LHS.
4. Disussion
The high equivalent absorption olumn density derived
from the XMM-Newton data suggests that XTE J1720-
318 lies at the GC distane or even further. This would
plae the soure in the galati bulge and we will, there-
fore, assume a distane to the soure of 8 kp.
When observed with XMM-Newton, about 40 days af-
ter the outburst peak, XTE J1720-318 was learly in a
HSS, haraterized by a strong soft (thermal) omponent,
well modelled by a MCD model with an inner dis temper-
ature of kT ∼ 0.7 keV, and a weak power law tail (Fig. 5).
The soure was found in HSS also at the end of February
(Fig. 6 and Fig. 7) when we ould measure, with higher
preision, using INTEGRAL and RXTE simultaneous ob-
servations, the power law index of 2.7. In both observa-
tions, the dis omponent aounted for more than 85% of
the unabsorbed 2100 keV soure luminosity, estimated at
the end of February at 2.5 × 1037 erg s−1. We estimated
the bolometri luminosity from the best t spetrum by
extending the ux omputation at 0.01 keV. We obtained
for the XMM observation a value of 1.4 × 1038 erg s−1.
Even for a small 5 M⊙ BH (see disussion below), this
bolometri luminosity is below the Eddington luminosity
whih is 6.5 × 1038 erg s−1 for suh a BH mass. Similar re-
sults are obtained one week later with RXTE/INTEGRAL
observations: the aretion rate is sub-Eddington.
Besides, no line emission was observed with XMM-
Newton and we ould determine an upper limit to the
EW of 75 and 144 eV for narrow lines at 6.4 and 6.7 keV
respetively. The upper limits for broad lines are less on-
straining. As disussed in Set. 3.3.1, we onsider unlikely
that the relatively strong iron line (∼ 570 eV) we deteted
with RXTE about 10 days later an be due to the soure
sine we obtained an upper limit of 250 eV with XMM
data and we did not observe large spetral hanges be-
tween the two observations. The XMM-Newton narrow
line upper limit is below the strong EWs (> 150 eV) of
lines observed in ertain BH systems and attributed to
uoresene produed by reetion of hard X-rays from
the aretion dis (e.g. Miller et al. 2001).
However, these line are often broadened by relativis-
ti eets and in this ase our data are less onstrain-
ing. For the parameters of the emission line (entroid at
6.2 keV and FWHM of 2.4 keV) reported by Markwardt
(2003) from an RXTE observation on of XTE J1720-318
performed during the main outburst peak, we in fat ob-
tained upper limits of only 290 eV, while the RXTE mea-
sured equivalent width was 95 eV. Only slight dierenes
in the spetral parameters of the soft omponent were
measured between the INTEGRAL/RXTE observations
and the XMM-Newton one (i.e. a lower temperature and
a larger inner dis radius). The inner radius derived from
the normalisation of the MCD model for XTE J1720-318
(for the assumed distane and inlination angle) is om-
patible with values of the radius of the innermost stable
irular orbit around a Shwarzshild BH with mass of ∼ 5
M⊙. During the outburst deay of BH XN, this parameter
is observed to remain approximately onstant if the soure
stays in the HSS (MClintok & Remillard 2003; Ebisawa
et al. 1991). The variation observed in XTE J1720-318
ould indiate that the dis was reeding during the de-
ay phase, but it is more probably linked to a spei
variation of the normalisation during a seondary are.
Indeed the XMM-Newton observation took plae right at
the maximum of a weak seondary peak whih ourred in
the deay phase (see Fig. 1, top panel) and whih was also
observed in infrared (Nagata et al. 2003). In anyase, these
dierenes ould also be due at least in part to ross al-
ibration unertainties between the instruments. The lak
of signiant rapid variability that we have found from
the study of the PDS using RXTE data, is also ompati-
ble with the soure being in the HSS. In this state in fat,
the frational time variability is in general lower than 5-
10%. From our data, onsidering the results previously
reported by Markwardt et al. 2003 and the RXTE/ASM
light urve whih steadily dereased during 2003, we an
onlude that the soure did not hange spetral state dur-
ing the deay phase whih started after the main outburst
peak and lasted until about mid Marh.
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A dramati hange in the soure behaviour was instead
observed with INTEGRAL towards the end of Marh.
After the soure had dereased below the INTEGRAL
detetion level, we observed the rise of the high-energy
omponent about 75 days after the main outburst peak,
giving rise to a seondary outburst whih we ould ob-
serve for about 25 days. Sine suh inrease was not seen
in the RXTE/ASM ount rate, and as we did not have sig-
niant signal in the JEM-X data, we onlude that the
soure underwent a spetral transition towards the LHS.
The 20200 keV unabsorbed luminosity inreased in about
10 days from below the INTEGRAL detetion level to a
value of 7 ×1036 erg s−1. Then it started to derease with
timesale between 10 days and 50 days.
During this seondary outburst, the > 20 keV spe-
trum was hard and well desribed by a power law photon
index of 1.9 or a thermal omptonisation model with a
(weakly onstrained) plasma temperature of 43 keV and
an optial depth of 2.7. The spetral break seems probable,
but no rm onlusion is possible due to the low signi-
ane of the derived soure spetrum at high energies. The
derived best-t parameters (both the power law slope and
break and the temperature and depth of the omptonis-
ing plasma) are however ompatible with those typially
found in BHB in the LHS. Assuming that the power law
extends at low energies without any additional ontribu-
tion of a soft omponent, we estimated an average unab-
sorbed 2200 keV luminosity of ∼ 9.4 × 1036 erg s−1. The
bolometri luminosity is estimated to 4.3 × 1037 erg s−1
and shows again that the soure was in a sub-Eddington
regime, even for a low mass BH. While this seondary out-
burst did not reah the luminosity of the main one, it is
lear that the transition is not simply due to spetral piv-
oting as observed in Cygnus X-1.
The high peak luminosity, the fast rise and slow de-
ay time sales, the HSS and the seondary outburst with
transition to a LHS with spetral parameters typially ob-
served in other (dynamially onrmed) BH transients,
like e.g. XTE J1550-564 (Sobzak et al. 2000; Rodriguez
et al. 2003) or GRO J1655-40 (Sobzak et al. 1999, see
also MClintok & Remillard 2003), learly show that
XTE J1720-318 is very likely a new XN and BHC, possi-
bly loated in the galati bulge.
Although there is little doubt about the origin of the
soft thermal omponent and its modelling, the interpreta-
tion of the high-energy tail and its onnetion to the spe-
tral states remain rather ontroversial. In the HSS, most
of the X-rays are radiated by the aretion dis whih is
supposed to extend down very lose to the BH horizon.
The standard Shakura & Sunyaev (1973) α-dis, however,
annot produe hard radiation (in either of the spetral
states). In the LHS, the dis omponent is weak or absent
and, when observed, the tted temperature is very low and
the inner radius very large. In this state, the aretion dis
is supposed to be trunated at a large radius. The hard
omponent is generally attributed to thermal omptonisa-
tion of the dis soft radiation by a hot orona (Sunyaev
& Titarhuk 1980; Titarhuk 1994) loated above the dis
or in the inner part of the system, around and very lose
to the BH. Thermal omptonisation models t well the
spetra during the LHS and indeed the omptonisation
parameters derived for XTE J1720-318 are in good agree-
ment with those usually observed in BH systems in LHS.
However, the details of the geometry and of radiation
mehanisms at work are still not understood; the proesses
whih lead to the spetral transition and the possible role
of non-thermal (synhrotron) radiation are still very un-
ertain. For example, one set of models whih explain the
above geometry and the omptonisation origin of the hard
emission in LHS are those based on Advetion Dominated
Aretion Flows (ADAF). They are hot radiatively ine-
ient ows where most of the energy is adveted into the
BH (Esin et al. 1998). During LHS, the ADAF takes plae
between the trunated inner dis and the BH horizon, and
gives rise to a hot optially thin plasma responsible for the
thermal omptonisation of the dis photons.
However, in the reent years, it has beome apparent
that in LHS, the BHB beome bright in radio and display a
lear orrelation between the X and radio luminosities (see
Fender et al. 2003). Observations of XTE J1720-318 with
the ATCA radio telesope have shown that this soure
was bright at radio wavelengths during the seondary out-
burst (Broksopp et al. 2004, in preparation), when we
learly saw the soure in the LHS. Simple ADAF models
have diulty to explain suh orrelations. Models where
a ompat jet at the base of the BH plays a major role
in the physial proesses of suh systems have been pro-
posed (Marko et al. 2001). In jet models of BHB, the
high-energy emission seen during the LHS is interpreted
as synhrotron emission from the jets whih extends from
radio to hard X-ray, naturally explaining the orrelations
observed during the LHS.
Besides, the high energy tail observed in HSS or in
the intermediate states is not fully understood. The ob-
served steep power law (index ∼ 2.7) without signi-
ane of a break ould also be related to the presene
of a non-thermal omponent in the aretion ow whih
has been proposed in the so-alled hybrid thermal/non-
thermal models (Zdziarski et al. 2001; Poutanen & Coppi
1998). Alternatively, omptonisation on a population of
(thermalised) eletrons with bulk motion (e.g. Titarhuk
et al. 1997; Laurent & Titarhuk 1999) may be respon-
sible for this omponent. The t of XTE J1720-318 HSS
spetrum we performed with the BMC model does pro-
vide parameters similar to those obtained in other BHB
(Borozdin et al. 1999). However, the XTE J1720-318 spe-
trum is signiant only up to about 80 keV so we an-
not test the predited presene of a high-energy break ex-
peted at energies greater than 200 keV.
Thanks to the imaging apability and sensitivity of
INTEGRAL, it has been possible to study a faint tran-
sient soure in the galati bulge, to detet a seondary
outburst in hard X-rays, typial of XN, and a spetral
transition onrming the probable BH nature of the ob-
jet and to obtain a signiant spetrum up to 200 keV.
The detetion and study of the other XN of the galati
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bulge with INTEGRAL will possibly provide more data
on this kind of objets and will thus improve our under-
standing of the physis of BHB.
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